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RESEARCH OBJECTIVES
Gravels can make up large fractions of the subsurface,

including vadose zones. The extensiveness of some gravel
deposits is evident from the fact that they serve as major
aquifers that supply groundwater for agricultural, industrial,
and municipal use. Because some gravel deposits do occur in
the vadose zone, understanding unsaturated flow and transport
in such settings re q u i res knowledge of their hydraulic pro p e r-
ties. Some gravel deposits occur in heavily contaminated
vadose zones such as the Hanford Site in Washington State,
w h e re radioactive wastes have leaked. Gravels are also an
important component in engineered capillary barriers for sub-
surface waste isolation. However, relatively little information is
available on the unsaturated hydraulic properties of gravels. In
a recent study (Tokunaga et al., 2002), the levels of residual sat-
uration in Hanford gravels were found to be high, in the range
of 0.1 to 0.2. The present work addresses a much broader range
of matric (capillary) potentials and saturations in Hanford grav-
els, and includes characterization of intragranular porosity and
water film thicknesses on external grain surfaces.

APPROACH
To cover a wide range of matric potentials (0 to -300 MPa),

water-retention measurements were made using suction plate,
p re s s u re plate, and vapor- p re s s u re methods (Figure 1).
Average water film thicknesses on external surfaces of gravel
grains were obtained with a synchrotron x-ray microprobe-
based suction plate technique (Tokunaga et al., 2003). External
grain surfaces were also characterized with a laser profilome-
ter, atomic force microscope, and scanning electron micro-
scope. Intragranular surface area was determined with
adsorption isotherms (water vapor and krypton gas).

ACCOMPLISHMENTS
External surfaces of these gravels have root mean-square

roughnesses in the µm range, with sparsely distributed deep
(hundreds of µm) pits. Water films on these external surfaces
are volumetrically insignificant at matric potentials less than
about -2 kPa. Residual water in these gravels occurs in intra-
granular pores, accounts for about 10% of the total porosity,
and is effectively hydraulically immobile. The insignificant
advective access to this intragranular domain was established
from measurements that show less than 2% change in satura-
tion over the matric potential interval of -10 kPa to -10 MPa.
The intragranular domain in Hanford gravels also has a large
specific surface area of about 11 m2 g-1.

SIGNIFICANCE OF FINDINGS
The high specific surface area and porosity associated with

interior regions of Hanford gravel grains largely explain why
exchanges of solutes (including contaminants) in these sedi-
ments are significant and strongly diffusion-limited.
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Figure 1. Moisture retention in 2 and 6 mm Hanford gravels,
over a wide range of matric (water) potentials. Measurement
methods used are indicated along the x-axis as (a) vapor-pres-
sure regulation, (b) pressure plate, and (c) suction plate. The
v a p o r- p re s s u re equilibration region data were obtained in
adsorption mode. The suction plate and pressure plate data were
obtained in drainage mode.




